BRIDGE DESIGN AIDS JUNE 1989 9-0

The following pages of Bridge Design Aids, Section 9, have been reviewed in May 1989 and found to
be valid and appropriate for continued use:

Page Date Title

9-1 May 1962 HS20-44 Loading

9-10 May 1962 Simple Beam Shear One Lane

9-10A Apr 1979 Simple Span Shear (Kips) - One Lane

9-11 thru 9-16 Apr 1963 Bending Moments-Simple Beam

9-20 thru 9-30 May 1962 Moments, Shears and Reactions for Continuous
Spans, One Lane Live Load

9-31 thru 9-36 Aug 1962 One Lane Live Load-Hinge at 1/5 Point

9-37 thru 9-42 Aug 1962 One Lane Live Load-Hinge at 1/6 Point

9-43-thru 9-48 Aug 1962 One Lane Live Load-Hinge at 1/7 Point

9-49 thru 9-54 Feb 1965 One Lane Live Load-Hinge at 1/8 Point

9-55 thru 9-60 Aug 1967 One Lane Live Load-Hinge at 1/9 Point

9-61 thru 9-66 Aug 1967 One Lane Live Load-Hinge at 1/10 Point

9-67 thru 9-72 Aug 1967 One Lane Live Load-Hinge at 1/11 Point

9-73 thru 9-78 Aug 1967 One Lane Live Load-Hinge at 1/12 Point

9-81 thru 9-81.5 Mar 1986 Table of Maximum Moments for Permit Load

9-95 Aug 1967 Steam Railroad Loading E-10

9-96 Aug 1967 Steam Railroad Loading E-10

These pages will be updated from time-to-time when significant changes in the technology occur.
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H20-516(44) Loading

TABLE OF MAXIMUM MOMEINTS, SHIARS AND REACTIONS
SIMPLE SPANS, ONE LANE

Spans in feet; moments in thousands of foot-pounds; shears and reactions in thousands of pounds.

These values are subject to specification reduction for loading of multiple lanes.
Impact is not included.
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*The concentrated load is considered placed at the support. Loads used are those stipulated for shear,
"Maximum value determined by Standard Truck Loading (ome H-3 truck).

* Maximom value determined by Special Loading (24,000 1b. donl axles spaced 40" ¢ to c.).

Unleas otherwise indicated, the mazimum values are determined by the Standard Lane Loading.
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BENDING MOMENTS IN BEAMS DUE TO A UNIFORM LOAD OF | KIP PER FT.

SIMPLE BEAM MOMENT AT GIVEN POINT

BOTH ENDS
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SIMPLE BEAM MOMENT AT GIVEN POINT

F.E.M.

BOTH ENDS
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SIMPLE BEAM MOMENT AT GIVEN POINT

BOTH ENDS
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BENDING MOMENTS IN BEAMS DUE TO A UNIFORM LOAD OF | KiP PER FT.
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SIMPLE BEAM MOMENT AT GIVEN POINT
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Moments, Shears, and
Reactions for Continuous Spans
Live Loading H20-516-44

(a} General

The following live load tables may be used for most
designs. The left side of the table lists maximum
simple beam moments and fixed end moments that re-
gult from the loading that produces that simple beam
moment. The right side of the table lists maximum
fixed end moments and the simple beam moments that
result from the loading that produces that fixed end
moment. The center of the table lists maximum shears
and reactions. Accuracy is within 2% for members with
uniform or nearly uniform moment of inertia.

For extremely unbalanced spans or for spans ad-
jacent to hinges. The designer will have to determine
the loading which will produce maximum moments.

The waluves for moments, shears, and reactions are
for one lane of H20-516-44 loading without impact.
Either alternative loading or lane loading has been
used where these loadings produce more critical
stresses than the Standard H-5 Treck,

The following discussion summarizes the assump-
tions and decisions made in the development of these
live load tables.

{b) Moment at Midspan

To obtain the maximom positive moment at midspan,
the span was loaded to obtain the maximum SBM. Al-
though the assumption that the maximum SBM occurs
at midspan is not strictly correct except where only
one axle of the truck is on the span or where the lane
loading is used, the eror introduced is considered to
be insignificant. The decision to change loading was
made on the basis of the positive moment after the
FEM's were distributed, assuming distribution factors
of 0.50 at the joints. The figure used in this calcu-
lation is shown below.

Loaded 3pan

The spans on which the loadings are changed in
this section of the table will not be the same as the
spans shown in the table on page 4D.2.7-1 because
the table shown on page 4D.2.7-1 is for simply sup-
ported spans.

When the adjacent spans are between 0.75L and
1.33L in length, assuming the loaded span to be of
"L" length, the maximum resulting error in positive
moment at midspan is 1.35%.

There is no significant error if an adjacent span is
"L"in length and has a hinge located between 0.175L
and 0.20 L, from the far end of the span being designed.

For the case where the hinge is located between
0.175L and 0.20L from the near end, adjacent to the
loaded span, the maximum error is slightly less than
5%. Since this maximum error occurs at a span of 14'
it is recommended it be ignored.

BRIDGE PLANNING AND DESIGN MANUAL
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For your information, the tabulation below shows the

limits for each loading for this particular case.

QITAL or D.20L

‘ TN [T
L L

Loading | Span in feet
Truck 1to 12
Altermnative 13 to 39
Truck 40 to 155
Lane 156 on up

{c) Moments for 0.2 or 0.8 points

Since the LL positive envelop curve is not an exact
parabola, the SBM's and the FEM's are given for the
loadings at the 0.2 point of a span fixed at both ends.
The change in type of loading was determined on the
basis of the positive moment at the 0.2 point after the
FEM's were distributed, assuming distribution factors
of 0.50 at the joints.

If the adjacent spans are between 0.75L and 1.33L
in length, assuming the loaded span to be of "L"
length, the values in the table may be used up to a
span length of 225' with a maximum error of 5%. Be-
yond a span length of 225' the designer should deter-
mine whether the Truck or the Lane Loading is the
critical loading if the adjacent spans are not the same
length as the loaded span.

0J7T8L or 0.20L

= I -

r © d
L L

When one of the adjacent spans has a hinge located
0.175L or 0.20L from the far end, locations "a" and
and "d" in the figure above, the table values may be
used without any error. For the hinge located at "¢,
the maximum error is 1%. In case the hinge is placed
at "b", the tabulation shown below is to be used to
determine whether a loading different from that in the
table should be used for a particular span length.

s,

Loading | Span in feet
Truck I lto9
Alternative 10 to 32
Truck 33 to 168
Lane | 169 on up
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{d) Spans Simply Supported at One End

The FEM's and the SBM's for spans simply sup-
ported at one end have been given at the 0.2, 0.4, 0.6,
and 0.8 points of the span. The change in loading was
made on the basis of the positive moment at the point
under consideration, assuming that the distributed LL
moment at the first interior support is equal to 46.42
percent of the FEM. This percentage is based on dis-
tribution factors of 0.50 at the joints, the end span
being % the length of the interior spans.

Mo significant error, 1% or less, is introduced even
if the end span is the same length as the interior spans
except for the loadings at the 0.8 point where the error
may be as high as 10%. Therefore, when the end span
is approximately the same length as the interior span,
it may be necessary for the designer to use a loading
other than that shown in the table for the 0.8 point.
To help in determining when this is the case, the
tabulation below shows the limits of each loading for
the case where the end span and interior spans are of
length "L".

Loading E Span in feet
Truck 1to 17
Alternative 18 to 59
Truck 60 to 262
Lane 263 on up

If the end span is one-half the length of the interior
spans, a maximum error of 1% may result except for
the loadings at the 0.8 point where the error may be
as high as 9%. To help in determining whether another
loading should be used for the 0.8 point when the end
span is approximately one-half the length of the in-
terior spans, the tabulation below shows the limits for
each loading when the end span length is one-half"L".

Loading | Span in feet
Truck 1to 11
Alternative 12 to 37
Truck 38 to 190
Lane 191 on up

(e) Maximum Shears and Reactions

To help in plotting the shear diagram, the LL shear
at midspan is given. The designer should note that the
LL values given in this table may have to be increased
for moment shear.

(f) Negative Moments

In calculating the FEM's for the negative moments,
the loadings were placed so as to obtain a maximum
FEM at joint B. The assumption that the maximum
final distributed moment will result from the maximum
FEM @ B is in error in the order of 0.3% for a span
continuous at both ends.

To calculate the maximum negative moment at a
joint, the Lane Loading is usually the governing load-
ing except for spans 45 feet or less in length where
the Truck Loading with its 32 kips axles variably
spaced from 14 feet to 30 feet inclusive may povern.
A separate table will be issued to handle this case.
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For very short spans adjacent to relatively long
spans, the Truck Loading placed in the long span may
give higher negative moment at the joint under con-
sideration than if the Lane Loading was placed on
both the short and long spans. Therefore, the SBM's,
FEM's, and lccation of the rear axle of the Truck have
been given for this case up to 125 feet for the span
simply supported at one end and 144 feet for the span
fixed at both ends. Beyond these span lengths, the
Lane Loading will give a higher FEM = B.

Where the Truck Loading is used to obtain the maxi-
mum longitudinal moment for the design of columns,
the simple beam reaction at the bent may be obtained
by dividing the "SBM" by "aL".

(g) Spans with Hinge Pomnts

Tables for One Lane Live Load for span in which a
hinge occurs at 1/5, 1/6, 1/7, 1/8, 1/9, 1/10, 1/11
and 1/12 points are also included.
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BRIDGE DESIGN AIDS MARCH 1986 9-81

TABLE OF MAXIMUM MOMENTS FOR PERMIT LOAD

Spans in Feet; Moments in FtK per lane at ¢ Span. Impact not included.
LOAD CONDITION

SPAN P-5 P—7 P-9 P—11 P—13
1 6.5
2 13.0
3 19.5
4 26.0
5 32.5
6 39.0
7 45.5
8 52.0
9 58.5

10 66.0

Note: Values given are based on
78.0 groups of two 24 kip axles spaced
4'-6" apart. Values will not agree

-
—

12 90.0 with computer programs that use
5 102.0 groups of single 48 kip axles.
14 114.0
15 126.0
16 138.0
17 160.0
18 162.0
" 174.0
20 186.0
a1 198.0
22 210.0
£ 222.0
24 234.0
" 246.0
5 258.0
27 270.1
28 288.0
29 306.0
30 324.0
31 342.0




BRIDGE DESIGN AIDS MARCH 1986 9-81.1
TABLE OF MAXIMUM MOMENTS FOR PERMIT LOAD (Cont'd)
SPAN P-5 P—7 P-9 P=11 P-13

32 360.0

33 378.0

34 396.0

35 414.0

36 432.0

37 456.0 462.0

38 480.0 492.0

39 504.0 522.0

40 528.0 552.0

41 555.3 582.0

42 585.8 612.0

43 610.3 642.0

44 646.8 672.0

45 677.3 702.0

46 707.8 738.0

47 738.3 774.0

48 768.8 810.0

49 799.3 846.0

50 829.8 882.0

51 860.3 918.0

52 890.8 954.0

53 921.3 990.0

54 951.8 1026.0

55 982.3 1062.0

56 1012.8 1098.0

57 1043.3 1134.0

58 1073.8 1170.0

59 1104.3 1206.0

60 1134.8 1242.0

61 1165.3 1248.0

62 1195.8 1314.0

63 1226.3 1350.0

64 1256.8 1386.0 1392.0
65 1287.3 1422.0 1434.0




VYOL Il Design Aids BRIDGE PLANNING AND DESIGN MANUAL Juns 1979 9-81.2
e e e e s T e o T e T T = T ———————
TABLE OF MAXIMUM MOMENTS FOR PERMIT LOAD (Cont'd)
SPAN P-5 P-7 P-9 P=11 P-13

66 1317.8 1458.0 1476.0

67 1348.3 1494.0 1518.0

68 1378.8 1533.2 1560.0

69 1409.3 1575.7 1602.0

70 1439.8 1618.2 1644.0

7 1470.3 1660.7 1686.0

72 1500.8 1703.2 1728.0

73 1531.3 1745.7 1776.0 1782.0
74 1561.8 1788.2 1824.0 1836.0
75 1592.3 1830.7 1872.0 1890.0
76 1622.8 1873.2 1920.0 1944.0
77 1653.3 1915.7 1971.2 1998.0
78 1683.8 1858.2 2025.7 2052.0
79 1714.3 2000.7 2080.2 2106.0
80 1744.8 2043.2 2134.7 2160.0
81 1775.3 2085.7 2189.2 2214.0
82 1805.8 2128.2 2243.7 2274.0
83 1836.3 2170.7 2298.2 2334.0
84 1866.8 2213.2 2352.7 2394.0
85 1897.3 2255.7 2407.2 2454.0
BE 1927.8 2298.2 2461.7 2514.0
87 1958.3 2340.7 2516.2 2574.0
88 1988.8 2383.2 2570.7 2634.0
89 2019.3 2425.7 2625.2 2694.0
90 2049.8 2468.2 2679.7 2754.0
91 2080.3 2510.7 2734.2 2814.0
92 2110.8 2553.2 2788.7 2874.0
93 2141.3 2595.7 2843.2 2934.0
94 2171.8 2638.2 2897.7 2994.0
95 2202.3 2680.7 2952.2 3054.0
96 2232.8 2723.2 3006.7 3114.0
a7 2263.3 2765.7 3061.2 3174.0
98 2293.8 2808.2 3115.7 3164.9
a9 2324.3 2850.7 3170.2 3294.0




VOL IIl Design Aids ERIDGE PLANNING AND DESIGN MANUAL June 1979 9-81.3
e e N e W I e S i el

TABLE OF MAXIMUM MOMENTS FOR PERMIT LOAD (Cont'd)

SPAN P-5 P-7 P-9 P—11 P—13
100 2354.8 2893.2 3224.7 3354.0 3360.1
101 2385.3 2935.7 3279.2 3414.0 3426.1
102 2415.8 2978.2 3333.7 3474.0 3492. 1
103 | 2446.3 3020.7 3388.2 3534.0 3558. 1
104 2476.8 3063.2 3442.7 3597.3 3624. 1
105 2507.3 3105.7 3497.2 3663.8 3690.1
106 2537.8 3148.2 3551.7 3730.3 3756.1
107 2568.3 3190.7 3606.2 3796.8 3822.1
108 2598.8 3233.2 3660.7 3863.3 3888.0
109 2629.3 3275.7 3715.2 3929.8 3960.0
110 2659.3 3318.2 3769.7 3996.3 4032.0
111 2690.3 3360.7 3824.2 4062.8 4104.0
112 2720.8 3403.2 3878.7 4129.3 4176.0
113 2751.2 3445.7 3933.2 4195.8 4251.2
114 2781.8 3488.2 3987.7 4262.3 4329.7
115 2812.3 3530.7 4042.2 4328.8 4408.2
116 2842.8 3573.2 4096.7 4395.3 4486.7
117 2873.3 3615.7 4151.2 4461.8 4565.2
118 2903.8 3658.2 4205.7 4528.3 4643.7
119 2934.3 3700.7 4260.2 4594.8 4722.2
120 2964.8 3743.2 4314.7 4661.3 4800.7
121 2995.3 3785.7 4369.2 4727.8 4879.2
122 3025.8 3828.2 4423.7 4794.3 4957.7
123 3056.3 3870.7 4478.2 4860.8 5036.2
124 3086.8 3913.2 4532.7 4927.3 5114.7
125 3117.3 3955.7 4587.2 4993.8 5193.2
126 3147.8 3998.2 4641.7 5060.3 5271.7
127 3178.3 4040.7 4696.2 5126.8 5350.2
128 3208.8 4083.2 4750.7 5193.3 5428.7
129 3239.3 4125.7 4805.2 5259.8 5507.2
130 3269.8 4168.2 4859.7 5326.3 5585.7
131 3300.3 4210.7 4914.2 5392.8 5664.2
132 3330.8 4253.2 4968.7 5459.3 5742.7
133 3361.3 4295.7 5023.2 5525.8 5821.2




YOL 1l Design Aids BRIDGE PLANNING AND DESIGN MANUAL June 1979 9-81.4

TABLE OF MAXIMUM MOMENTS FOR PERMIT LOAD (Cont'd)

SPAN P-5 P—7 P-9 P11 P-13
134 3391.8 4338.2 5077.7 5592.3 5899.7
135 3422.3 4380.7 5132.2 5658.8 5978.2
136 3452.8 4423.2 5186.7 5725.3 6056.7
137 3483.3 4465.7 5241.2 5791.8 6135.2
138 3513.8 4508.2 5295.7 5858.3 6213.7
139 3544.3 4550.7 5350.2 5924.8 6292.2
140 3574.8 4593.2 5404.7 5991.3 6370.7
141 3605.3 4635.7 5459.2 6057.8 6449.2
142 3635.8 4678.2 5513.7 6124.3 6527.7
143 3666.3 4720.7 5568.2 6190.8 6606.2
144 3695.8 4763.2 5622.7 6257.3 6684.7
145 3727.3 4805.7 5677.2 6323.8 6763.2
146 3757.8 4848.2 5731.7 6390.3 6841.7
147 3788.3 4890.7 5786.2 6456.8 6920.2
148 3818.8 4933.2 5840.7 6523.3 6998.7
149 3849.3 4975.7 5895.2 6589.8 7077.2
150 3879.8 5018.2 5949.7 6656.3 7155.7
151 3910.3 5060.7 6004.2 6722.8 7234.2
152 3940.8 5103.2 6058.7 6789.3 7312.7
153 3971.3 5145.7 6113.2 6855.8 7391.2
154 4001.8 5188.2 6167.7 6922.3 7469.7
155 4032.3 5230.7 6222.2 6988.8 7548.2
156 4062.8 5273.2 6276.6 7055.3 7676.7
157 4093.3 5315.7 6331.2 7121.8 7705.2
158 4123.8 5358.2 6385.7 7188.3 7783.7
159 4154.3 5400.7 6440.2 7254.8 7862.2
160 4184.8 5443.2 6494.7 7321.3 7940.7
161 4215.3 5485.7 6549.2 7387.8 8019.2
162 4245.8 5528.2 6603.7 7454.3 8097.7
163 4276.3 5570.7 6658.2 7520.8 8176.2
164 4306.8 5613.2 6712.7 7587.3 8254.7
165 4337.3 5655.7 6767.2 7653.8 8333.2
166 4367.8 5698.2 6821.7 7720.3 8411.7
167 4398.3 5740.7 6876.2 7786.8 8490.2
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TABLE OF MAXIMUM MOMENTS FOR PERMIT LOAD (Cont'd)

SPAN P-5 P—7 P-9 P-11 P-13
168 4428.8 5783.2 6930.7 7853.3 8568.7
169 4459.3 5825.7 6985.2 7919.8 8647.2
170 4489.8 5868.2 7039.7 7986.3 8725.7
171 4520.3 5910.7 7094.2 8052.8 8804.2
172 4550.8 5953.2 7148.7 8119.3 8882.7
173 4581.3 5995.7 7203.2 8185.8 8961.2
174 4611.8 6038.2 7257.7 8252.3 9039.7
175 4642.3 6080.7 7312.2 8318.8 9118.2
176 4672.8 6123.2 7366.7 8385.3 9196.7
177 4703.3 6165.7 7421.2 8451.8 9275.2
178 4733.8 6208.2 7475.7 8518.3 9353.8
179 4764.3 6250.7 7530.2 8584.8 9432.2
180 4794.8 6293.2 7584.7 8651.3 9510.7
181 4825.3 6335.7 7639.2 8717.8 9589.2
182 4855.8 6378.2 7693.7 8784.3 9667.7
183 4886.3 6420.7 7748.2 8850.8 9746.2
184 4916.8 6463.2 7802.7 8917.3 9824.7
185 4947.3 6505.7 7857.2 8983.8 9903.2
186 4977.8 6548.2 7911.7 9050.3 9981.7
187 5008.3 6590.7 7966.2 9116.8 10060.2
188 5038.8 6633.2 8020.7 9183.3 10138.7
189 5069.3 6675.7 8075.2 9249.9 10217.2
190 5099.8 6718.2 8129.7 9316.3 10295.7
191 5130.3 6760.7 8184.2 9382.8 10374.2
192 5160.8 6803.2 8238.7 9449.3 10452.7
193 5191.3 6845.7 8293.2 9515.8 10531.2
194 5221.8 6888.2 8347.7 9582.3 10609.7
195 5252.3 6930.7 8402.2 9648.8 10688.2
196 5282.8 6973.2 8456.7 9715.3 10766.7
197 5313.3 7015.7 8511.2 9781.8 10845.2
198 5343.8 7058.2 8565.7 9848.3 10923.7
199 5374.3 7100.7 8620.2 9914.8 11002.2
200 5404.8 7143.2 8674.7 9981.3 11080.7
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CHART B

STEAM RAILROAD LOADING

MAXIMUM MOMEMTS, SHEARS, AND REACTIONS FOR CLASS E-10 ENGINE LOADING

One Trock of Two Roih
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